Abstract-The impact of hourly consumption information provided by smart meters on the operation of a risk averse retailer in the Spanish electricity market is studied. It is assumed the retailer can manage certain amount of consumers' demand to reduce its operation cost. It can operate in the forward market, day-ahead market and balancing market. Uncertainty in energy price in each market and demand from consumers is taken into account through scenario trees. Conditional Value at Risk is used as a risk measure. Model is posed as a linear two stages stochastic program. The model is applied to real data from the Spanish market.
Notation

A. Indices and Sets
s, S
Index and set for seasons, s ∈ S. h, H Index and set for hours, h ∈ H. c, C Index and set for groups of consumers, c ∈ C . kf, KF Index and set of forward market scenarios, kf ∈ KF . kd, KD Index and set for day-ahead market scenarios, kd ∈ KD. Each scenario corresponds to a representative day on an hourly basis (a vector of 24 components). kdb, KDB Index and set for balancing market scenarios, kdb ∈ KDB. kc, KC Index and set for consumers scenarios, kc ∈ KC. {esc} Set of all scenarios, {esc} = {kf, kd, kdb, kc}. 
. Introduction
The implementation of smart metering is considered a required first step towards the smart grid deployment. Smart meters are being installed in many countries in Europe, like for instance in Italy, Norway, UK and Spain. How the smart meters could be used in smart grids for demand side management, integration of non-dispatchable distributed renewable generation, management of electric vehicles (including the option of vehicle to grid V2G), and distributed storage has been extensively addressed in the literature.
The focus of this work is on the potential benefits of smart metering in the Spanish Electricity Market. Traditional meters in Spain provide a single value at each time that corresponds to the accumulated energy consumption until that moment. This single value is recorded by the corresponding retailer every month or every two months. That means that consumer and provider have no information on how much energy has been consumed in each hour within the measured period (one or two months). They know just the total energy consumption during a whole month or two months. On the other hand, energy prices in the Spanish electricity market are given on hourly basis. Smart meters will record energy consumption in periods shorter than one hour, in Spain it will be probably every 15 minutes. Using this information:
• Retailers can assign the proper cost to the energy consumption of each customer, according to the hourly energy market price.
• Consumers can manage their demand to save some money.
• Retailers can propose tariffs and contracts for their customers, so they can reduce their operation cost related to risk coverage. In particular the risks associated with uncertainty in market prices and instantaneous demand from consumers. We focus on the last point and compute the potential cost saving for a risk averse retailer in the Spanish electricity market. The two main results are the retailer cost saving and the new energy cost for consumers. We assume the cost reduction is transferred to consumers (more competitive prices from the retailer) instead of being a net increase in retailer profit. We do not consider particular tariffs or contracts. We compute an upper bound for what can be done, in terms of demand side management, with the information from the smart meters in the best case (without constraints from particular tariffs or contracts). It is assumed a plausible share of demand that can be managed.
We formulate a model for the optimal operation of a retailer in the Spanish market, it will be explain in detail in Section 2 . The retailer can operate in three markets: Forward market, day-ahead market, and balancing market. It has to deal with uncertainty in market prices and demand from consumers, and can manage certain amount of consumers' demand.
We chose the Spanish system because it offers interesting possibilities because of: (i) High penetration of wind generation, (ii) The installation of smart meters is expected to be completed at the end of 2017, (iii) New regulations oriented to demand side management have been approved in 2015, (iv) Apparently, no cost/benefit analysis for the implementation of smart metering in the Spanish system has been published as indicated in [1] , despite the fact that a number of reports about recommendations and studies of alternatives for the operation of smart meters have been published by the Spanish National Energy Commission (CNE).
A relevant question about demand side management, as remarked by Shmuel Oren in [2] , is the classical dichotomy between commodity and service (quantity and service) remains, and the main question is not the technical implementation, that has been feasible since the beginning of twenty century. The main question is how to deploy a business model appealing for both retailers and consumers. Here we focus on a simpler question, that is to evaluate the potential cost reduction for a retailer by means of demand side management using the information from smart meters.
Many studies have been reported in the literature on how to use the operational capabilities and the information provided by the smart meters to improve the management of risk averse retailers. For instance, in [3] a methodology based in risk-constrained stochastic programming is proposed to help a retailer make decisions on how much to contract in the forward market and the optimal selling price to offer to its consumers. They use a price-quota function to model that clients can choose other provider if the prices are too high. This model is extended in [4] to consider explicitly the consumer behavior and the competence with other retailers. They propose a bi-level approach consisting of a stochastic problem for a risk averse retailer in the upper level, and an optimization problem for customers in the lower level. The objective function for consumers is to minimize the cost they pay for the energy, and they consider the prices from other retailers (exogenous parameters in the whole problem) and a virtual cost for changing from one retailer to other, this cost is also an exogenous parameter that can be fixed to zero.
A similar model is proposed in [5] , the problem is posed as a mixed-integer stochastic programming and solved using decomposition and branch-and-bound. The problem is formulated from the point of view of a retailer, that uses the Conditional Value at Risk (CVaR) [6] , [7] as a risk measure. In their approach a retailer manages a portfolio and sets the prices in a Time of Use (TOU) tariff for its consumers. They assume fully rational consumers, that are price sensitive and always have a complete reaction to prices. Consumers reaction is modelled through their price elasticity, that is given in an hourly basis (or for a number of hours). A base load profile associated with a base price profile is given for consumers. This load profile is reshaped based on the new prices that are set according to the energy prices the retailer gets from the wholesale market. The consumers option of moving to other retailer is modelled through a market share function that is given by exogenous parameters. They only consider one type of tariff.
Here we pose the problem from the point of view of a risk averse retailer assuming it can manage certain amount of the consumer demand (demand side management), and taking into account its participation in the day-ahead, balancing, and forward markets. The main contributions of this work are to answer the questions that follows for the Spanish system: 1) What is the potential benefit for retailers of the information from smart meters? 2) What is the potential benefit for consumers of the information from smart meters? The rest of the paper is organized as follows. Methodology, assumptions, and mathematical approach are described in Section 2 . Case study and discussion of results are included in Section 3 . Conclusions in Section 4 close the paper.
. Methodology and Mathematical Approach
To evaluate the potential cost reduction for a risk averse electricity retailer operating in the Spanish system, we use a model posed as a classical two stages stochastic programming. The Conditional Value at Risk is used as risk measure. Uncertainty in electricity market prices and demand from consumers are taken into account through scenario trees, both parameters are input data. The scenario trees are generated based on historical data from the Spanish market. To summarize, the main elements considered in the model are:
• Two type of agents, retailers and three groups of consumers (residential, commercial, and industrial).
• Three markets: Forward market, day-ahead market, and balancing market.
• Simulations in a period of 1 year given by a reduced number of representative days. We consider three days for each season (12 days per year).
• Consumers are considered in an aggregated form.
• Retailer problem is posed as a two stage stochastic programming problem, that takes into account the risk through the CVaR of the cost distribution. The objective function minimizes a weighted average of the expected cost and the CVaR of the cost. The weighting factor is the risk aversion λ ∈ [0, 1].
• Demand side management is controlled by the retailer.
Here is applied the assumption of "best possible case". Retailer's strategy consist of managing part of consumer's demand, and to buy and sell electricity in the markets to maximize its profit taking an admissible level of risk. The level of risk and also the bounds for the demand that can be shifted are exogenous parameters.
A. Retailer's decision variables
The retailer's problem includes the following decisions:
• How much to buy in the forward market (medium-term decision). Retailer cannot sell in the forward market, it can only buy. It can make only a contract for each season, and the power contracted has the same constant value for all the hours in the season.
• How much to buy and sell in the spot market (day-ahead, short-term decision).
• How much to buy and sell in the balancing market (shortterm, almost real time decision).
• Where to shift the amount of consumers' demand it can manage. It can be done in day-ahead and/or real time.
B. Mathematical Approach
The model is posed as a linear programming problem and solved using algorithm CPLEX in software GAMS. 
(1) Subject to:
∀s, c, kc
∀s, h, c, kc
Where:
is the retailer's cost for operating (purchasing and selling) in the markets (day-ahead, balancing, and forward) in season s and scenario {esc}.
is the retailer's expected cost in a whole year.
Retailer's objective function (1) minimizes a weighted average of the cost expectation and the cost CVaR θ . The weighting factor is the risk aversion λ ∈ [0, 1].
Constraint (2) is a balance equation that states the net energy (purchased minus sold) from the markets must be greater or equal to the net energy consumption at each period of time, taking into account demand side management.
Constraint (3) sets that energy sold by the retailer in the markets can not be greater than the energy it buys from the markets at each period.
Constraints (4) and (5) are auxiliary constraints for CVaR θ calculation.
Constraints (6)-(9) model the demand side management mechanism. Constraint (6) sets that total demand remains constant, it does not increase or decrease, it is only shifted. Constraint (7) sets an upper bound, a fraction δ s,c of the initial demand, for the increase of demand because of the demand side management. Constraint (8) indicates the final demand, after the decrease for demand side management, cannot be negative. Finally constraint (9) states that final demand cannot be greater than twice the initial demand, to avoid creating new demand peaks. We think these assumptions about demand side management are plausible for the Spanish system.
. Case Study and Results
The model described in the previous section is applied to data from the Spanish market, [8] . The data set is quite long, so only a few representative values for each parameter are given. The data input for the model consist of: price of energy purchased from the forward market, Table I , price of energy purchased by the retailer from day-ahead market, Table II , price of energy sold by the retailer in day-ahead market, Table  III , price of energy purchased by the retailer in the balancing market, Table IV , price of energy sold by the retailer in the balancing market, Table V , and demand from the three kind of customer groups, Table VI. For each one of the 5 prices considered we have 4 seasons (s), 3 days for station, and 24 hours (h) for each day, that is for each price 4×3×24 = 288 values. For demand from customers we have 3 groups of customers, 3 scenarios (days) for each group, and 24 hours for each day, a total of 3 × 3 × 24 = 216 values. Representative days are chosen using statistical criteria (mean and deviation) over the set of historical data (a whole year).
Using a risk aversion of λ = 0.5 results for a typical demand shifting pattern in a day in spring season are depicted in Fig.  1 . The amount of shifted demand is constrained by shifting bounds and for what is economically profitable. To study the bounds of what is economically profitable we solve the model for the shifting bounds in a range from 0.1 to 0.9 of the total demand. The result for the total cost versus the value of demand that can be shifted are depicted in Fig. 2 . The maximum cost saving is around 5% over the value without demand side management.
The solution does not change when the bounds for reallocating demand are greater or equal to approximately 50% of total demand. That is because it is not profitable to shift more demand, at least in terms of the objective function in our model, that is in expected value taking into accouton the risk. Thus, even if we have the information from smart meters and are free to shift demand, the expected cost reduction is explicitly bounded by market uncertanties. 
. Conclusions
To summarize, the main conclusions are:
• The potential benefit for consumers is a relative small fraction of their average cost, around 5%.
• The potential benefit for retailers, even in the case of great flexibility for demand side management, is also a small fraction of their cost. 
